msmmtf (jp) (i2) ^ g| |^ ^ ^ (a) 



#Bi¥10 ^294506 

(43)i>iie ¥1*10^(1998)11^ 4 B 



(BDInta." 
HOIL 43/08 
G 11 B 5/39 
H 0 1 F 10/08 



FI 

HOIL 43/08 

G 1 1 B 5/39 

H 0 1 F 10/08 



(21)aiR#^ <$R¥9- 100274 


(71)iaffiA 


000010098 












(22)tflKH ¥^69^(1997) 4 ^17B 




KS«:*:HKS#:*:S!»rri4 


win 














































































#a± !?A«fT 













(54) xhrwt;i/:^jSfK^Rrx^<D$iJg;^j* 



(57) [^*5J 

:^ ^ CO a^b ^ i£^-t- S ^ v^ s 

V a a M Sr ^JJ ffl b r r - /I- i^!; ® IS $ H 5 w i: 




-Japanese Unexamined Patent Application Publication No. 10- 
294506 

[0026] 

[Embodiments] Fig, 1 is a cross section showing the 
structure of the spin-valve thin film element according to 
the present invention. This spin-valve thin film element is 
laminated on the read head portion of the thin film magnetic 
head, and a leak magnetic field from the recording medium 
such as a hard disk device is sensed by the spin-valve thin 
film element. The thin film magnetic head is provided at 
the trailing side end portion of the floating type slider 
provided in the hard disk device. The recording medium such 
of the hard disk device moves toward the Z-direction, and 
the leak magnetic field from the recording medium is 
directed toward the Y-direction. 

[0027] An underlayer 6 made of a non-magnetic 
material such as Ta (tantalum) is formed as a lowermost 
layer of the spin-valve type thin film element shown in Fig. 
1. An antif erromagnetic layer (a first antif erromagnetic 
layer) 1 and a pinned magnetic layer 2 are laminated in this 
order on the underlayer 6. A non-magnetic conductive layer 
3 having low electric resistance such as Cu is formed on the 
pinned magnetic layer 2, a free magnetic layer 4 is formed 
on the non-magnetic conductive layer 3 / and an 
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antiferromagnetic layer (a second antiferromagnetic layer) 9 
is formed on the free magnetic layer 4 . A protective layer 
7 made of Ta (tantalum) is formed on the antiferromagnetic 
layer 9. The pinned magnetic layer 2 and the free magnetic 
layer 4 are made of an alloy or a metal such as a Co-Fe 
(cobalt-iron) alloy, a Ni-Fe (nickel-iron) alloy, Co 
(cobalt), and a Fe-Co-Ni (iron-cobalt-nickel) alloy- 

[0028] Antiferromagnetic materials satisfying the 
conditions below are used for the first and second 
antiferromagnetic layers 1 and 9 in the present invention: 

(1) The blocking temperature of the first 
antiferromagnetic layer 1 is higher than the blocking 
temperature of the second antiferromagnetic layer 2; and 

(2) The exchange anisotropic magnetic field between 
the first antiferromagnetic layer 1 and pinned magnetic 
layer 2 is larger than the exchange anisotropic magnetic 
field between the second antiferromagnetic layer 9 and free 
magnetic layer 4. 

Preferably, the first antiferromagnetic layer 1 
has a blocking temperature of 300 ''C or more, and the second 
antiferromagnetic layer 9 has a blocking temperature in the 
range of lOO^'C to 280*'C. It is also preferable that the 
magnitude of the exchange anisotropic magnetic field between 
the first antiferromagnetic layer 1 and pinned magnetic 
layer 2 is 200 Oe (Oersted) or more, and the magnitude of 
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the exchange anisotropic magnetic field between the second 
antiferromagnetic layer and free magnetic layer is 2 to 200 
Oe. 

[0029] Examples of the antiferromagnetic materials 
satisfying the foregoing conditions include a Pt-Mn 
(platinum-manganese) alloy film, a Ni-Mn (nickel-manganese) 
alloy film and a Pd-Pt-Mn (a palladium-platinum-manganese) 
alloy film for the first antiferromagnetic layer 1, and an 
Ir-Mn (iridium-manganese) alloy film, a Rh-Mn (rhodium- 
manganese) alloy film and Fe-Mn (iron-manganese) alloy film 
for the second antiferromagnetic layer 9 in the present 
invention. 

[0030] The blocking temperatures of the Pt-Mn alloy 
film, the Ni-Mn alloy film and the Pd-Pt-Mn film capable of 
using as the first antiferromagnetic layer 1 are about 380 ""C, 
400*'C and 300°C, respectively, which are antiferromagnetic 
materials having the blocking temperature of 300*^0 or more. 
The blocking temperatures of the Ir-Mn alloy film, Rh-Mn 
alloy film and Fe-Mn alloy film capable of using as the 
second antiferromagnetic layer 9 are 240*^0, 200''C and 150°C, 
respectively, which are antiferromagnetic materials having 
the blocking temperature within the range of 100 ^^C to 280*^0. 

[0031] The magnitude of the exchange anisotropic 
magnetic field is not only related to the properties of the 
material of the antiferromagnetic layer, but also to the 
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film thickness of the ferromagnetic layers in contact with 
the antiferromagnetic layer. It is known in the art that 
the smaller film thickness of the magnetic layer results in 
a larger magnitude of the exchange anisotropic magnetic 
field. Accordingly^ a magnitude of the exchange anisotropic 
magnetic field of 200 Oe or more at the interface between 
the antiferromagnetic layer 1 and pinned magnetic layer 2 my 
be obtained by forming the first antiferromagnetic layer 1 
with an antiferromagnetic material of either the Pt-Mn alloy 
film^ Ni-Mn alloy film or Pd-Pt-Mn alloy film, and by 
properly adjusting the film thickness of the pinned magnetic 
layer 2. 

[0032] The Pt-Mn alloy film preferably contains 44 to 
51 at% of Pt and 49 to 56 at% of Mn when the first 
antiferromagnetic layer 1 comprises the Pt-Mn alloy film. 
More preferably, the content of Pt is in the range of 46 to 
49 at% and the content of Mn is in the range of 51 to 54 at%. 
The magnitude of the exchange anisotropic magnetic field 
generated at the interface between the first 
antiferromagnetic layer 1 and pinned magnetic layer 2 turns 
out to be quite large when the layers are formed of the Pt- 
Mn alloy film having the composition as described above. 
The magnitude of the exchange anisotropic magnetic field 
generated at the interface between the second 
antiferromagnetic layer 9 and free magnetic layer 4 turns 
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our to be as small as 2 to 200 Oe by forming the second 
antiferromagnetic layer 9 with an antif erromagnetic material 
of either the Ir-Mn alloy film, the Rh-Mn alloy film or the 
Fe-Mn alloy film, and by properly adjusting the thickness of 
the free magnetic layer 4 . 

[0033] The method for properly adjusting the 
direction and magnitude of the magnetic field in the pinned 
magnetic layer 2 or in the free magnetic layer 4 will be 
described hereinafter, wherein the difference of the 
blocking temperatures between the first and second 
antiferromagnetic layers 1 and 9, and the difference between 
the magnitude of the exchange anisotropic magnetic field 
between the first antiferromagnetic layer and pinned 
magnetic layer, and the magnitude of the exchange 
anisotropic magnetic field between the second 
antiferromagnetic layer and free magnetic layer, are 
utilized. 

[0034] The antiferromagnetic layer 1, the pinned 
magnetic layer 2, the non-magnetic conductive layer 3, the 
free magnetic layer 4 and the antiferromagnetic layer 9 are 
laminated as shown in Fig. 1. Then, an annealing treatment 
is applied to the thin film magnetic element as a first step 
at a temperature by which the first antiferromagnetic layer 
1 is converted into an ordered crystal structure (for 
example, the Pt atoms and Mn atoms are alternately and 



regularly arranged with each other when the first 
antiferromagnetic layer is made of the Pt-Mn alloy film) , or 
at a temperature lower than the blocking temperature of the 
second antiferromagnetic layer, while applying a magnetic 
field in the Y-direction. The time required for annealing 
in the first step is several hours when the ordered crystal 
structure is formed, and is several to several tens minutes 
when annealing at a temperature lower than the blocking 
temperature of the second antiferromagnetic layer. 
Magnetization of the pinned magnetic layer 2 and 
magnetization of the free magnetic layer 4 are put into 
single magnetic domain states in the Y-direction in this 
step as shown in the drawing. Since the exchange 
anisotropic magnetic field generated at the interface 
between the first antiferromagnetic layer 1 and pinned 
magnetic layer 2 is large, magnetization of the pinned 
magnetic layer 2 is tightly fixed in the Y-direction. 

[0035] In the next step, the thin film magnetic 
element is annealed at a temperature lower than the blocking 
temperature of the first antiferromagnetic layer 1 and 
higher than the blocking temperature of the second 
antiferromagnetic layer 9 while applying a magnetic field in 
the X-direction. The annealing time in the second step is 
several to several tens minutes. For annealing at a 
temperature lower than the blocking temperature of the first 



antiferromagnetic layer 1 and higher than the blocking 
temperature of the second antiferromagnetic layer 9 in the 
second step, the blocking temperature of the first 
antiferromagnetic layer 1 should be higher than the blocking 
temperature of the second antiferromagnetic layer 9 in the 
present invention. For example / it is possible to use a 
temperature higher than 240 °C and lower than 380 ""C in the 
second step^ when the Pt-Mn alloy film having a blocking 
temperature of 380*^0 is used for the first antiferromagnetic 
layer 1 and the Ir-Mn alloy film having a blocking 
temperature of 240'*C is used for the second 
antiferromagnetic layer 9. 

[0036] The magnitude of the exchange anisotropic 
magnetic field generated at the interface between the second 
antiferromagnetic layer 9 and free magnetic layer 4 becomes 
small (or disappears), because the annealing temperature in 
the second step is higher than the blocking temperature of 
the second antiferromagnetic layer 9. Consequently, 
magnetization of the free magnetic layer 4 that has been put 
into a single magnetic domain state in the Y-direction in 
the first step turns out to be in a multi-magnetic domain 
state, and the direction of the magnetic moment in each 
magnetic domain starts to be variously oriented. However, 
magnetization of the pinned magnetic layer 2 remains to be 
fixed in the Y-direction by a synergetic effect of lower 
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annealing temperature than the blocking temperature of the 
first antiferromagnetic layer 1, very short annealing time 
and tightly fixed magnetization of the pinned magnetic layer 
2 as hitherto described. 

[0037] When the annealing temperature is slowly 
decreased from the state as described above to a temperature 
lower than the blocking temperature of the second 
antiferromagnetic layer 9, an exchange coupling again 
appears at the interface between the second 
antiferromagnetic layer 9 and free magnetic layer 4, Then, 
magnetization of the free magnetic layer 4 is put into a 
single magnetic domain state in the applied magnetic field 
direction (X-direction) in the second step. However, since 
the exchange anisotropic magnetic field at the interface 
between the second antiferromagnetic layer 9 and free 
magnetic layer 4 is small (at least smaller than the 
exchange anisotropic magnetic field at the interface between 
the first antiferromagnetic layer 1 and pinned magnetic 
layer 2), magnetization of the free magnetic layer 4 is put 
into a single magnetic domain state to an extent enough for 
causing magnetic reversal against the leak magnetic field of 
the recording medium ( Y-direction) • 

[0038] As hitherto described, the second 
antiferromagnetic layer 9 is formed on the free magnetic 
layer 4, and the first antiferromagnetic layer 1 and the 
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second antif erromagnetic layer 9 formed at least under the 
pinned magnetic layer 2 are formed of antif erromagnetic 
materials satisfying the following conditions: 

(1) The first antif erromagnetic layer 1 has a higher 
blocking temperature than the second antif erromagnetic layer 
9 does; and 

(2) The magnitude of the exchange anisotropic 
magnetic field at the interface between the first 
antiferromagnetic layer 1 and pinned magnetic layer 2 is 
larger than the magnitude of the exchange anisotropic 
magnetic field at the interface between the second 
antiferromagnetic layer 9 and free magnetic layer 4. 

[0039] The thin film magnetic element is annealed by 
taking advantage of the blocking temperature difference 
between the first antiferromagnetic layer 1 and the second 
antiferromagnetic layer 9 in the present invention. 
Consequently, magnetization of the pinned magnetic layer 2 
is fixed in the Y-direction, and magnetization of the free 
magnetic layer 4 is put into a single magnetic domain state 
in an extent enough for arising magnetic reversal against 
the leak magnetic field ( Y-direction) from the recording 
medium. 

[0040] As a result, a hard bias layer provided in the 
prior art may be eliminated, and a step for etching both 
sides of the multilayer film as inclined faces from the 
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underlay er 6 to the protective layer 7 may be omitted^ 
thereby enabling the manufacturing process to be simplified. 
Eliminating the step for providing the hard bias layer can 
solve the problem of unstable magnetization direction of the 
pinned magnetic layer by the effect of the hard bias layer 
exerted on the pinned magnetic layer as has been encountered 
in the conventional thin film magnetic element. 

[0041] A constant electric current (a sensing 
current) flows from a conductive layer (not shown) to the 
pinned magnetic layer 2, non-magnetic conductive layer 3 and 
free magnetic layer 4 in the spin-valve thin film magnetic 
element as hitherto described in detail. In addition, the 
magnetization direction of the free magnetic layer changes 
from the X-direction to the Y-direction when a magnetic 
field is applied in the Y-direction from the recording 
medium. Electrons that are transferred from one layer of 
either the free magnetic layer 4 or pinned magnetic layer 2 
to the other layer are scattered at the interface between 
the non-magnetic conductive layer 3 and pinned magnetic 
layer 2, or at the interface between the non-magnetic 
conductive layer 3 and free magnetic layer 4 to change 
electric resistance at the interface. Accordingly, the 
constant electric current changes to give a sensing output. 

[0042] 

[Example] Seven layers of from the underlayer 6 to 



the protective layer 7 shown in Fig. 1 were formed with the 
materials and film thickness as shown below, and were 
annealed under the condition as will be described below. 
The magnitudes of the exchange anisotropic magnetic fields 
obtained at the interfaces between the first 
antif erromagnetic layer 1 and pinned magnetic layer 2, and 
between the second ant i ferromagnetic layer 9 and free 
magnetic layer 4 were measured with VSM equipped with a 
vacuum heating mechanism. The results of experiments are 
shown below. 

[0043] The underlayer with a film thickness of 50 
angstrom was formed of Ta (tantalum), the first 
antif erromagnetic layer 1 with a film thickness of 300 
angstrom was formed of the Pt-Mn alloy film (having a 
blocking temperature of about 380*'C), and the pinned 
magnetic layer 2 with a film thickness of 30 angstrom was 
formed of the Co-Fe alloy film. The non-magnetic conductive 
layer 3 with a thickness of 28 angstrom was formed of Cu 
(copper), the free magnetic layer 4 with a film thickness of 
50 angstrom was formed of the Co-Fe alloy film, the second 
antif erromagnetic layer 9 with a film thickness of 100 
angstrom was formed of the Ir-Mn alloy film (having a 
blocking temperature of 240°C), and the protective layer 7 
with a film thickness of 50 angstrom was formed of Ta 
(tantalum). The multilayer film formed as described above 
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was annealed at 230*^0 for 4 hours while applying a magnetic 
field with a magnitude of 2000 Oe (Oersted) in the Y- 
direction as shown in Fig. 1. 

[0044] Then, the multilayer film was annealed at 
250 for 10 minutes while applying a magnetic field with a 
magnitude of 2000 Oe in the X-direction, and the annealing 
temperature was then slowly decreased. The exchange 
anisotropic magnetic field was measured with VSM equipped 
with a vacuum heating mechanism thereafter, obtaining an 
exchange anisotropic magnetic field with a magnitude of as 
large as about 700 Oe at the interface between the first 
antiferromagnetic layer 1 and pinned magnetic layer 2. On 
the contrary, the magnitude of the exchange anisotropic 
magnetic field at the interface between the second 
antiferromagnetic layer 9 and free magnetic layer 4 was as 
small as about 60 Oe. It may be conjectured from the 
experimental results described above that the pinned 
magnetic layer 2 is tightly put into a single magnetic 
domain state in the Y-direction, while the free magnetic 
layer 4 is weakly put into a single magnetic domain state in 
the X-direction. 

[0045] 

[Advantages] According to the present invention as 
hitherto described in detail, magnetization of the free 
magnetic layer is properly controlled by forming the second 
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antiferromagnetic layer on the free magnetic layer of the 
spin-valve thin film element in which at least the first 
antiferromagnetic layer, the pinned magnetic layer, the non- 
magnetic conductive layer and the free magnetic layer are 
formed. 

[0046] The essential conditions for the first and 
second antiferromagnetic layers are: 

(1) The first antiferromagnetic layer has a higher 
blocking temperature than the second antiferromagnetic 
layer; and 

(2) The magnitude of the exchange anisotropic 
magnetic field at the interface between the first 
antiferromagnetic layer and pinned magnetic layer is smaller 
than the magnitude of the exchange anisotropic magnetic 
field at the interface between the second antiferromagnetic 
layer and free magnetic layer. 

[0047] In the present invention, a magnetic field is 
at first applied in the lealc magnetic field direction of the 
recording medium by taking advantage of the blocking 
temperature difference between the first and second 
antiferromagnetic layers. Then, the thin film element is 
annealed at a temperature for converting the first 
antiferromagnetic layer into a ordered crystal structure, or 
at a temperature lower than the blocking temperature of the 
second antiferromagnetic layer. The thin film element is 



finally annealed at a temperature lower than the blocking 
temperature of the first antif erromagnetic layer and higher 
than the blocking temperature of the second 
antiferromagnetic layer while applying a magnetic field in 
the direction intersecting the leak magnetic field of the 
recording medium. 

[0048] Magnetization of the pinned magnetic layer is 
tightly fixed in the leak magnetic field direction of the 
recording medium. In addition^ magnetization of the free 
magnetic layer is put into a single magnetic domain state in 
the direction to intersect the magnetization direction of 
the pinned magnetic layer in an extent enough for allowing 
the magnetization direction of the free magnetic layer to be 
reversed by the external magnetic field. 

[0049] As hitherto described, the step for etching 
the multilayer into a trapezoid may be eliminated in the 
present invention to simplify the manufacturing process, 
since the free magnetic layer is properly controlled without 
forming a hard bias layer as has been in the conventional 
art. A conventional problem that magnetization of the 
pinned magnetic layer becomes unstable by the leak magnetic 
field from the hard bias layer may be also solved. 
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— Mn ]) k^Vj^—^l^iS» Rh— Mn 

^^m. Fe— Mn {m—^l^ 

[0 0 3 0] m^\.t:mi<oKmm^Mi thx^^^ 

•C. N i—Mn^^mnm^ 0 ox:. Pd — Pt— Mn 
-^^IKttlilJS 0 Ot;TS)9. V>-f ttt 3 0 CCgitit^D:/ 

5!^b^^2(D^^a<4^9 t Ur^^pTig^i. Ir-M 
n^4tJg^D>^o 5'=¥:/^^2aSfi)^2 4 CCs Rh— Mn 
^^SStt*^2 0 Ot:. F e— Mn-a^^Ktii^l 5 Ot:-C 
fol?^ V>-f tvt) 1 0 O'C-2 8 0 t:o^ffll^<0:/a 5/:^ 
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[0 0 3 1 ] ^ft. ^^is^^i^m^^cmx^xn. Rmm 

5o $£oT. ||l(OK^fl5<4Jil36S. P t— Mn'g^^ 
IK. Ni— Mn-^^IK. ^/ctiP d — P t— Mn-i-^M 

i^M2<r>mmi>miEKm®^n^^t\c^^. ^mm^^ 
Ml tm^mi^^2t<D^mx<o^^^:)ji^mnn. 2 

10 0 00 e£(±tC;^#<;fc5o 

[ 0 0 3 2] ;:£*5, fuia^ 1 (O^mmi^M 1 3&S P t -M 

n^^mxm^^fh^t%. Miap tMn-a-^Mcoia^ 

ittts iE* t 5&S4 4-^5 i J^^%t/ Mnii^ 4 9--5 'sk " 

P ti5 46-493 t%T?Mn365 5 1^5 4 a t 
5o w<D<t p'Sim^ifcTfJ^^^n^tP t— Mn-^^K^- 
<); 5^ 1 oKmm\^M 1 1 m:^m^M 2 1 o#®-c^c 

m2<r>K^m^M9ii^. 1 T—Un^^m. Rh— Mn 

^fh^^tK^r) . m2<o^mm^M9 tyv-m^m 

4 t <r>wm'V<o^^^:^^mM'n 2 - 2 0 0 o e 

[0 0 3 3] jjcjc. 1 tm2(o^mm 

t m^m^m t (o^^^^^m^ tm2 (o^mm^M t 

T. m^m^M 2 tyv -U^M 4 t <omit<o:^mRxj^ 

30 ^^^miE\cm®'t^^mco^'^Xs ^iTK^mi-^. 
[0 0 3 4] mi tc^-f- j; p ^^is&j&m 1 s mm^ 

M9itmM^iiit^s mKoxmtvx. m^mioR 
mm^k 1 o^^mmit-mmit impttiKmrni^M 1 

P t—Un^^mXB^^tl^m^. P t i:Mn(D^^ 

ii^hM^Y:^[^\cmn^^m\.xr^-/v^mi^nt>fi 

t^ictt). s;£a<4^2ituJ:7 y-iK<4^4oa{l:;65@^ 
Y^\^\c^mm{t^ti^o J^iiJx pld. mi 

co^^a^i^ 1 km^mi^M 2t(r>nmx±c^i$^^^ 
[0 0 3 5 ] i^K. m2<ox.mti.x. euiamioK^ 




faST'ttv 2 4 piCJt 5 t>SS<; 3 8 QIC J: 9 J)®V^S.S 

,[0 0 3 6] 02X@-C<or^-A'*&StC*3tt5aS 
3&5, m2^0K^^K^t^9O:/a5/^r:/^^^J;9 1>^g5V^ 

it i?) Jc. tu^^ 2 styv -m^M 4t<o 

2<Dfl^^(i@^Y:;&I^(c^@tc©^$HTv> 
luias^(K<4^2<Da{t:fiY;^i^iitcg5£ 

[0 0 3 7] ^<OX5ti:^mii^hr:=^-/vm.&^^k^^c 

^ST^'frTv^^, ttr^rri-/i.ms^m2<os^a^^ 

iuia>^y-i3£<4^4cofiSfli3&s^^rt. i|2x@t 
til.. m2 (o^^m^m st^v -mi^m 4 1 (r>^mv 

i^m 1 tmmm^m 2 t (0^^x<o^^^:^^m^i: 9 
[00 3 8] &.±(r> X b ic, :4;^^-cfi. y y -m^m 

^m^m2<oT\^m^'^ix^mi(oR^m'&im 1 tsirE 

^ 2 o^S^ate^ 9 i 7 y -aii^ 4 t 
[0 0 3 9] ^Ur. ^^9gT?li. 



(6) it^^^l 0-2 9. 4 5 0 6 
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m 2 (0S^a<41 9 ^ O:/ D y y /iaS^ SrfiJII U 

[0 0 4 01 ffioX. =6^3^(0 J; 9 jc. /N-K/^>rT>^g 
$:ie(t2»iK^5E^:^< T^M ^ t^b^mMl ^X<0 
#1ISI*0 $r © «t iccn 3^ ^ ^-f 5 xm < ;i 
10 ^MX@(O^I«^fli$r||^T?t 5o %tz^-Y 

[0 0 4 1 ] gi±n^i.ti7. tri^^<A^-:fmwmmi'x 
20 nx^{ti-^. ^<ot^yv-mitMAtm^si\^m2 

[0 0 4 2] 

30 mi^M 1 1 2 t (0#®T#t>tufc5^^^^<4 

^lO:^ 2 (O^^aiil 9 a: :7 y -flS^^ 4 t £0|^ 
mx^bihfc^m:m^^^^<0:k% $ €:^^AlJi^«l^f^ 

[0 0 4 3] Tmm6<o^^%:ja > ^ A^) X. m 

1 €rP t— Mn-a^^M n 5/ 3 8 0*0 

Tf. ]K^;^3 0 0;^-:^^^;^ bn^A-cj^^u. 

^2€rCo— F e^^^-e. ffig^«r 3 0 V^^;^ h a - 
AT'J^^U. ^ate^m^3«rCu (^) -T?. K^$r2 
40 8 ;4-v^^;^ ho-ATJ^^L. :7y-a^4^4«:Co — 

^2(OS3S«St^^9$rI r— Mn^^K (^o y:^^^^ 
iaa[i^2 4 Ot;) . K^-y^l 0 0:tV^^;^ ha-At? 

^^fillC, ^-f @ 1 t-^-rV;^!"!*- 2 0 0 0 O e (rc/v 
;=^'7^5'K) ©a#«:PP^Db/jr3&s 2 3 0'C'T?4^rar 

[0 0 4 4 ] ifctc. 0^X;^Ir!J;i 2 0 0 0 O e <0<K:^$r 
50 '^mx.fiiii^h. 2 5 O'Ctfl 0 5>rarc:^-/v^aaSrlfe 



(7) 
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[0 0 4 5] 

5o 

10 0 4 6] ^mm 1 o^3s<K<4^i ^ 2 oK^m^m 

®mi y^rVyiaSi5m2<0>^n y 

^mmK m2<o^mm^mtyv-^i±Mt<o^mx 

[0 0 4 7] ^bT. :4=^9g-C«:. ^ico^^a^^i: 



12 



[011 




z 



10 



^:^^^m.^2Ji±xr:^-ji^$i}tmii^rft>fi^, 
[0 0 4 81 z<or:=^-/\y$i}tm\ci:r> . mi^^i^M<om. 

[0 0 4 91 :i<OX^\^. ^^9^T?tt. ^^<OX^\:i^^ 

-h^^<^r:^Mii^m^^f\^^j:<xh. yv-m^^^m 



20 [m2i ^m<o:^\z':^^/u':/Mm^m^<omm^^'f-m 



2 m^^i^M 

3 ^aii^S^ 

4 yv -miS^M 

6 T^^ 

7 ^mm 

9 m2(D) R^m^M 
m2] 




